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The morpheme nano is today used in various words, such as nanometer, nanoscale, nanotechnology,
nanomaterial, nanorobot, iPod nano, and nanotyrannus. This range of uses is partly explained by an in-
terest in nanotechnology manifest in many spheres of society, including science, politics, and popular
culture. These varied uses of nano challenge semantic description, as the meaning of nano in use greatly
exceeds its precise meaning of “billionth part”, for example, in the modiﬁed SI unit nanometer. The aim is
to analyze the use and meaning of the morpheme nano based on attested uses from the Corpus of
Contemporary American English (COCA). The following six research questions are addressed: In what
genres of COCA does nano occur? To what extent is nano a constituent of complex words? What are the
most common positions of nano in complex words? In what types of words does nano occur? What do
these words mean? How are they related? Contrary to the view that the morpheme nano is being
misused (sometimes expressed in the literature), I argue that, while the use of nano is indeed varied, it
can be systematically described.
© 2016 The Author. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
In the academic ﬁeld that has emerged around the idea of
nanotechnology, there has been interest in how the linguistic
element nano is used (e.g., [3,28,32,35,40]). The beneﬁts of nano-
technology to society are sometimes predicted to be immense [9].
However, concerns about its risks have been raised, for example,
the potential effects of nanotechnology products (i.e., nanoparticles
and nanomaterials) on the human body. Alongside the societal
signiﬁcance ascribed to nanotechnology, a wide variety of words
containing the morpheme nano has emerged in English and other
languages [7,13,32,39]. For example, consider the arbitrary sample
of words containing nano extracted from the Corpus of Contem-
porary American English (COCA) listed in (1).td. This is an open access article u(1) iPod nano, nanoampere, nano-application, nanoassembler,
nanobacterium, nanobiology, nanobusiness, nanocamera, nano-
chemical, nanocircuit, nanoclay, nanocluster, nanocoating,
nanocomputer, nanocreature, nanodevice, nanoengineer, nano-
engineered, nanoevangelist, nanofabrication, nanofactory, nano-
ﬁber, nanofood, nanofossil, nanogenerator, nanogram, nano-
imprint-lithography, nanoindustrial, nanolab, nanoliter, nano-
machine, nanomanufacturing, nanomaterial, nanomechanical,
nanomedicine, nanometer, nanoparticle, nanophysics, nano-
plasm, nano-replicator, nanorobot, nanorobotic, nanosatellite,
nanoscale, nanoscience, nanoscientist, nanosecond, nanosensor,
nanosized, nanospace, nanostructure, nanosurgery, nanosystem,
nanotechnology, nanotechnology-based, nanotools, nanotube,
nanotyrannus, nanowax, nanoweapons, subnanometer
Policy documents and research articles on nanotechnology and
nanomaterials sometimes consider the variety of uses of nano ander the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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[28,32,35,40]. More speciﬁc concerns include the “devaluation” of
the term nano ([35]: 805), conceptual “confusion” [40], and
“spoiling the transformative possibilities of nanotechnology” ([3]:
4).
This scholarly interest in the use of nano is dominantly
normativeewitness the concern that nano is being over/misusede
and there are no attempts to systematically describe how nano is
actually used except that of Bauer et al. [7]; but their description is
short and limited. Besides its deﬁnition by the International System
of Units (SI; the abbreviation derives from the French name of the
system, Systeme International d’Unites), Bauer et al. ([7]: 397) sug-
gest two senses of nano, namely, “extremely small” and “with re-
gard to very small entities”; in contrast, they suggest many more
senses ofmicro ([7]: 397). The rationale for this richer description of
micro is somewhat unclear, since senses parallel to many of those
suggested for micro seem to be valid for nano.
In this article, my aim is to empirically analyze the use and
meaning of the linguistic element nano by investigating actual uses
of nano in COCA data. The following research questions are
addressed:
RQ1: In what genres of COCA does nano occur?
RQ2: To what extent is nano a constituent of complex words?
RQ3: What are the most common positions of nano in complex
words?
RQ4: In what types of words does nano occur?
RQ5: What do these words mean?
RQ6: How are they related?
The broad use of nano in many spheres of society, including
science, policy, and popular culture, calls for a general and sys-
tematic description. The morpheme nano is commonly deﬁned
simply as a preﬁx meaning “billionth part of …”, following SI; for
example, nanometer means “billionth part of a meter”. However,
this analysis does not encompass the variety of uses of nano. The
semantic contribution of nano to each word in (1) is not the same;
for example, nanotechnology is typically not interpreted as
“billionth part of technology” and a nanorobot is not a billionth part
of a robot. Such considerations suggest that the use and meaning of
nano is in need of some other, more systematic, description.
2. Background: a brief history of nano
According to the Oxford English Dictionary (OED), the linguistic
form nano originates from the classical Latin nanus or its ancient
Greek etonym nanos (nάnο2), meaning “dwarf” [41]. In 1958, nano,
together with giga, tera, and pico, was adopted in the newly formed
International System of units [20]. In 1974, Norio Taniguchi intro-
duced the term nanotechnology at an engineering conference in
Tokyo [47]. The idea of nanotechnology was later popularized and
disseminated by, for example, Eric Drexler [26]. In 2000, so-called
nanoscience and nanotechnology attracted considerable scientiﬁc
and political interest when the US government initiated the Na-
tional Nanotechnology Initiative (NNI). Nanotechnology has been
deemed revolutionary, on par with information technology and
Gutenberg's printing technology [18]. Due to its fantastic, futuristic,
and thrilling associations, nanotechnology has become a topic of
popular culture [17,37,38]. For example, in the bestselling novel
Prey by Crichton [21]; the plot centers on the horror of nano-
technological devices escaping the laboratory.
From the very precise and technical meaning of “109” in SI
units, nano has grown into a political symbol with strong visionary
associations [9,49]. However, parallel to this development, nano has
also entered the English language through a more direct path, as aborrowing from the classical languages. Much like anthro, astro, bio,
biblio, electro, geo, and hydro, nano is used mostly in academic En-
glish. For example, inWebster's New Twentieth Century Dictionary of
the English Language, nanosomia is deﬁned as the “condition of
being dwarfed” ([36]: 1193). This word derives from the Greek
words nanos for “dwarf” and soma for “body”. Words composed of
such neoclassical elements are referred to in the literature as
neoclassical compounds [5,7].
3. Method
3.1. Corpus
To explore the use and meaning of nano, this study uses COCA,
which now contains 520 million words in texts of ﬁve main genres
from 1990 to 2015 [22]. The present work is based on data from an
earlier version of the corpus, with texts from 1992 to 2012, con-
taining 450 million words. The genres of COCA are as follows [23]:
spoken, i.e., transcripts of unscripted conversation from TV and
radio programs; ﬁction, i.e., ﬁctive stories from books, movie scripts,
and literary magazines; magazine, i.e., popular magazines, such as
Time, Men's Health, and Cosmopolitan; newspaper, i.e., ten US
newspapers, for example, USA Today, New York Times, and San
Francisco Chronicle; and academic, i.e., academic texts from nearly
100 peer-reviewed journals covering the entire range of the Library
of Congress classiﬁcation system. Each of the ﬁve genres is classi-
ﬁed into subgenres. Spoken is classiﬁed in accordance with various
TV and radio channels (e.g., CBS, CNN, and Fox). Fiction is classiﬁed
into general books, general journals (i.e., short stories from literary
magazines), juvenile, movie scripts, and science ﬁction and fantasy.
Magazines are classiﬁed according to the main topics of the mag-
azines, for example, children, entertainment, ﬁnancial, science and
technology, and sports and outdoors. Newspapers are classiﬁed
according to the section, or topic of coverage, for example, editorial,
money, international news, local news, and sports. Academic is
classiﬁed with regard to discipline, for example, history, education,
science and technology, and medicine. COCA has been used to
retrieve lists of words containing nano, the immediate linguistic
contexts of these words, and the genres (sections) in which these
occur.
COCA was chosen for this analysis because of its con-
temporariness, large size, and availability. Considering the ﬁrst of
these features, note that the nanotechnology concept and related
notions have emerged quite recently. Public attention to nano over
and above its use as an SI preﬁx was quite limited before the socio-
technological developments of the mid to late 1990s (discussed in
section 2). To see the importance of temporal scope when choosing
a corpus for a study of the use of nano, the limited frequency of nano
in the British National Corpus (BNC) can be noted. The BNC, most
texts of which were produced between 1985 and 1993, contains
only 97 occurrences of nano (excluding homonyms) distributed
over 22 word types. These basic ﬁndings show that, despite its
considerable size, a non-contemporary corpus like BNC contains
only limited information about the currently wide use of nano.
Another reason for choosing COCA is its large size. Although
public awareness of nano has increased in recent years, it is still not
that popular a term. In smaller corpora, which indeed contain more
contemporary material than BNC, such as the Open American Na-
tional Corpus (OANC), which contains 15 million words, and the
Scottish Corpus of texts and Speech (SCOTS), which contains 4.6
million words, nano is much less frequent than it is in COCA. OANC
contains 159 tokens of nano (excluding homonyms) distributed
over 30 word types, while SCOTS contains only three occurrences of
nano, all instances of nanosecond.
A third reason for choosing COCA is its availability. Choosing a
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research resource limitations but also given the research desiderata
of openness and replicability, which require that the primary data
be easily assessed by other scholars. COCA fulﬁlls this by being
freely available once one has created a user account. This contrasts
with other large contemporary corpora of English, such as the Bank
of English (a subset of COBUILD), which is accessible only for a
substantial fee, and the Oxford English Corpus, whose accessibility
outside lexicographers working at the publisher administering the
corpus is limited.
Given these considerations (i.e., contemporariness, size, and
availability), COCA is a better alternative than many other available
English corpora for my purposes, since it provides a large and
accessible sample of how nano is currently used. However, this
choice (like any other choice of corpora) has consequences for
interpreting the ﬁndings. Perhaps the most urgent issue concerns
how representative COCA is. However, providing a satisfactory
answer to this question is not straightforward. Representativeness
can be deﬁned as “the extent to which a sample includes the full
range of the population” ([10]: 243), but there is no clear deﬁnition
of the population that is supposed to be represented by COCA.
Given the desire to represent American English in general, for
example, by considering the variety of “strata” listed by Biber [10];
the design and composition of COCA leave much to be desired. For
example, COCA contains no component of spoken interaction over
and above transcribed TV and radio programs. Arguably, this is a
limited spoken register given the immense variety of settings of
spoken language, but Davies [23,24] argues that the spoken
component of COCA is representative of “non-media” conversation.
His main argument for this claim is that certain words and phrases
expected to be more frequent in spoken thanwritten registers (e.g.,
well,… you know…, and… and I'm like…) are indeedmore frequent
in COCA's spoken component than in others [24].
Moreover, there is, for example, no political component in COCA
(e.g., political speeches and government documents). This is un-
fortunate for my purposes since, as noted in section 2, there are
numerous claims that nano has become a politicized signiﬁer
[9,11,49] and it would have been interesting to see whether and, if
so, how this was reﬂected in language use.
The design and composition of COCA constrain the conclusions
and generalizations that can be made from observations from it.
Strictly speaking, ﬁndings derived from COCA cannot with certainty
be generalized to language use over and above its registers, i.e.,
ﬁction, newspapers, magazines, academic journals, and conversa-
tions from TV and radio [23]. Also, COCA is a corpus of American
English, so generalizations to other varieties of English, as well as
English in general, are dubious. However, fascination with nano-
technology has spread globally [9], so to a certain extent a shared
international vocabulary to address this conceptual ﬁeld is ex-
pected, transcending not only varieties of English but also other
languages. Ultimately, the extent to which the present COCA-based
ﬁndings are valid for other varieties of English, as well as other
languages, is an empirical question that requires further systematic
analysis of its own.
3.2. Identiﬁcation of words containing nano
As a ﬁrst step of this analysis, all orthographic words in COCA
that contain the string of letters “nano” have been identiﬁed
(n ¼ 7222). An orthographic word is deﬁned as a string of charac-
ters separated by boundary markers (i.e., spaces, punctuation
marks, or line breaks). Some of these words are relevant for the
analysis, while others are not. Relevant uses are those that originate
from the Greek word nanos (meaning “dwarf”), excluding incorrect
spellings and meta uses (n ¼ 6639, i.e., 92% of all orthographicwords in COCA containing “nano”). Only relevant uses of “nano” are
in focus in this analysis when addressing research questions 2e6.
For reasons discussed inmore detail in section 3.5, slightly different
principles have been applied for the genre analysis (RQ1).
Irrelevant uses are homonyms, incorrect spellings, and meta
uses. Examples of homonyms are the name of the former Albanian
Prime Minister Fatos Nano and the word nanook meaning “polar
bear” in the Inuit language Inuktitut. Of the orthographic words in
COCA that contain “nano” (n ¼ 7222), 7% are such homonyms. An
example of incorrect spelling is “nanotechology” (sic). Such typos
are unusual (n ¼ 41, i.e., under 1% of the orthographic words that
contain “nano”). Also meta uses are unusual (n ¼ 20). In meta uses,
nano is referred to as a linguistic unit, for example: “nano is a Greek
word that means one-billionth” (from COCA section Newspaper,
year 2003).
All words containing nano in the relevant sense have been
lemmatized; for example, “nanodevice” (singular) and “nano-
devices” (plural) are grouped under the same lemma: nanodevice.
In addition, hyphenation and spacing are considered in lemmati-
zation; for example, “nano-device” and “nano device” are grouped
with “nanodevice” and “nanodevices” under the lemma
nanodevice.
3.3. Context of use
For all orthographic words containing “nano”, the immediate
linguistic contexts have been retrieved from COCA. These contexts
have been organized in the form of a key word in context (KWIC)
concordance. This concordance helped in the classiﬁcation of
several features, including the distinction between relevant and
irrelevant as well as the subcategories of irrelevant uses mentioned
in section 3.2. To address RQ2 and RQ3, the position of “nano” in
words has been classiﬁed. There are four possible positions: initial,
middle, ﬁnal, or sole. With respect to position, note that ortho-
graphic words consisting solely of “nano” need not be cases of nano
as a free morpheme. Orthographic rules of English allow com-
pounds to be written with and without a space between the con-
stituent words. For example, the corpus contains cases such as nano
device, in which nano is the initial constituent of a complex word,
despite the space. Based on the KWIC concordance, all orthographic
words that contain “nano” as their sole constituent have been
analyzed with regard to the potential constituency of complex
words. To address RQ4, the word class of the word containing nano
is identiﬁed (e.g., noun and adjective). To address RQ5 and RQ6, the
meanings of nano and the complex word containing it, if any, are
analyzed. The notion of schema has guided this semantic inter-
pretation. It is described in more detail in the next section.
3.4. Interpretation and semantic description
For systematic description of the meaning of nano and the
complex words containing it, I here use schemas. Following Lan-
gacker ([34]: 43), schemas can be deﬁned as “templates for ex-
pressions, representing the abstracted commonality of sets of
expressions parallel in certain respects”. As such, a schema captures
a generalization or pattern of observations. In what follows, I
discuss the notation used (section 3.4.1), different levels of
abstraction and the hierarchical organization of schemas (section
3.4.2), and a distinction between basic and derived schemas (sec-
tion 3.4.3). Also, I address the interpretative process extending from
attested words in the corpus to the listed schemas (section 3.4.4).
3.4.1. Notation
I have adopted the notation developed by of Booij [14,15] in
order to describe schemas for complex words. This choice of
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which are useful to my present aim. This notation enables a clear
way of describing relationships between schemas, at different
levels of abstraction.
A schema has two basic parts: a form represented by square
brackets and a meaning represented by double quotation marks;
see (2) for this basic structure.
(2) [[a]X [b]Y …]Z (form) “m” (meaning)
Additional notation in the schema includes the elements of the
form (i.e., a and b), which are variables for a phonological or
orthographical sequence. Capital subscripts indicate the lexical
categories of elements (e.g., noun and adjective).
3.4.2. Levels of abstraction and hierarchical relationships
Schemas can represent generalizations at different levels of
abstraction and can be hierarchically organized, i.e., a schema can
have more speciﬁc subordinates in which a variable of the more
abstract schema is ﬁxed. For example, the schema in (2) is very
abstract and basically generalizes over any complex word having a
meaning. For a more speciﬁc schema, (3) represents a type of
complex word, namely, a compound (cf. [14]). In (3), the variable i is
an index that restricts how the form and meaning are linked.
(3) [[a]X [b]Yi]]Y “Yi with relationship R to X”
Althoughmore speciﬁc than the schema in (2), the schema in (3)
is still very abstract. Nevertheless, it formalizes some important
information, for example, the right-hand rule of English com-
pounds, i.e., in English (and many other Germanic languages), the
right-hand (or ﬁnal) element of compounds usually determines the
semantic and syntactic properties of the whole compound. In the
schema this is captured by the fact that the lexical category of the
whole is the same as the lexical category of the right-hand element,
and the meaning of the construction is that of “Yi related to X”,
rather than “X related to Yi”.
Another crucial variable in (3) is R, which stands for the type of
semantic relationship that holds between the constituents of the
compound [1]. In the literature on compounds, much attention has
focused on the nature of R [8,30]. Some authors have suggested a
limited set of speciﬁc relationships that the variable R can assume,
while others have suggested more extensive sets. Some even argue
that the possible values of R are indeﬁnite [4,25,31]. Most agree,
however, that the interpretation of R in compounds is a complex
process determined by several factors, such as the meaning of the
constituents of the compound, the compatibility of these constit-
uents' meanings, the context of use (including general knowledge
of the world), and lexicalization processes.
To further illustrate the level of abstraction and the hierarchical
organization of schemas, consider the schemas in (4) and (5).
(4) [[a]Nj [b]Ni]]N “Ni with relationship R to Nj”
(5) [[x]Ni analysis]N “analysis of Ni”
The schema in (4) represents nounenoun compounds and is a
speciﬁcation of the schema in (3), which represents compounds in
general. There are still unﬁxed variables in (4), as there is no ﬁxa-
tion of the constituent words of the compound or of R. Let us as-
sume a speciﬁc interest in compoundswith theword analysis as the
ﬁnal component. The schema in (5) is a speciﬁcation of (4) in this
regard. It represents nounenoun compounds with the word anal-
ysis as the ﬁnal component. This right-hand component restricts
the interpretation of R. Compounds of the type x analysis are often
naturally interpreted as “analysis of x”. For example, risk analysiscan be interpreted as “analysis of risks” and factor analysis as
“analysis of factors”.
3.4.3. Basic and derived schemas
A distinction can be made between basic and derived schemas. A
derived schema depends on a more basic schema in that it inherits
certain semantic features from it (cf. [15]). In the analysis below, the
meanings of many nano words are described by means of other
nano words. Accordingly, a nano word, say wD (e.g., nano-
manufacturing), is described by invoking another nanoword, saywB
(e.g., nanomaterial), so that the meaning of wD is analyzed as a
relationship between wB and the right-hand element of wD (e.g.,
manufacturing). Following this analysis, the schema describing wD
depends on wB, which needs explaining by some other more basic
schema, as in (6).
(6) [nano [x]N]N (wD) “x with relationship R to nanomaterials
(wB)”
In this way, schemas can be semantically related in that derived
schemas contain a word whose semantics is described by another,
more basic, schema.
3.4.4. A note on interpretation: from attested words to schemas
Due to the pragmatics of complex words, in particular com-
pounds [4], their exact interpretation, out of context, is partly
indeterminate [25]. In fact, Jespersen ([31]: 143) claims that “the
number of possible logical relations between two elements is
endless”. Context plays a crucial role in interpreting complex
words. There are three types of contextual information that have
been crucial for the analysis presented below. First, the socio-
technical history of nano presented in section 2 provides impor-
tant contextual information for interpretation and disambiguation.
The second type of information that guides the analysis comes from
the linguistic contexts of the analyzed words in COCA. A KWIC
concordance has been used, but in some cases, a more extensive
part of the surrounding text has been consulted. Third, information
about genre has assisted the semantic interpretation of nanowords.
For example, knowing that a nanoword under consideration is used
only in ﬁction has inﬂuenced how the word has been interpreted.
An additional point about interpretation needs mentioning,
namely, the possibility of multiple realizations of schemas. Both
types and tokens of nano words can instantiate more than one
schema. In the words of Jackendoff [30]; nano words (both types
and tokens) can be “promiscuous”. A nanoword is promiscuous if it
is interpreted by several schemas simultaneously. Moreover, a word
type can be polysemous in that it has more than one interpretation,
each involving one or, in the case of promiscuity, several schemas.
3.5. Genres
The COCA web interface enables the identiﬁcation of the sec-
tions, or genres, in which a form is used, and to what extent. As we
saw above, the overall genres in COCA are spoken, ﬁction, maga-
zine, newspaper, and academic. Each of these is, in turn, divided
into subgenres.
A problem when seeking a perfect overview of the genres in
which the morpheme nano is used is that the COCA interface
cannot identify only relevant uses of nano (as deﬁned above). As an
approximate solution to this, the genre analysis is based exclusively
on orthographic words containing “nano” as an initial or sole
element (i.e., “nano*”). The rationale for this maneuver is twofold.
First, nano is overwhelmingly used as an initial constituent of
complex words (as we will see below). The search expression
“nano*” will therefore capture most of the wider search expression
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“nano*”), extending the search to all orthographic words contain-
ing “nano” (i.e., “*nano*”) would add many more irrelevant uses to
the genre analysis than relevant ones.
4. Results
4.1. Genre
The form “nano” exists in all ﬁve genres, or sections, of COCA,
though it occurs mainly in the ﬁction, magazine, and academic
journal genres (Table 1). Considering the subgenres of these, “nano”
is clearly most common in the science and technology subgenre of
the academic genre and the magazine genre, and in the science
ﬁction subgenre of the ﬁction genre (Table 2). Considering fre-
quency per million words, “nano” is eight times more common in
science ﬁction and fantasy than in the other ﬁction subgenres,
almost three times more common in science and technology than
in the other magazine subgenres, and almost ten times more
common in science and technology than in the other academic
subgenres. The science and technology subgenre of magazines
(n ¼ 1213) and of academic journals (n ¼ 1549) and the science
ﬁction and fantasy subgenre of ﬁction (n¼ 1635) account for 65% of
the uses of “nano*” in COCA.
4.2. Position and word class
COCA (in the version considered here) contains 6639 relevant
uses of nano (as deﬁned above), comprising 650 word types (lem-
mas). Of these uses, nano is mostly used in nouns and is strongly
preferred in the initial position, but note a non-negligible portion of
free words or ﬁnal elements of complex words (see Table 3). Before
describing the dominant initial use of nano and, as we will see, the
closely related middle use, the less common ﬁnal and free uses of
nano are discussed.
4.2.1. Final and free uses
Given the dominant assumption that nano is a preﬁx (e.g., [6,7]),
ﬁnal and free uses of nano may strike some readers as surprising.
Note that the data have been checked for spacing in complex words
(see section 3.3), so the “free word” category does not contain
hidden cases of complex words. Three quarters of the ﬁnal uses of
nano are in the names of commercial products, for example, iPod
nano (a portable media player) and Tata Nano (a car). One quarter of
the free uses of nano can also be explained with reference to these
products, as in examples (7) and (8):
(7) The Nano's LCD screen is slightly smaller than the Mini's
screen (from COCA section Newspaper, year 2005)
(8) The Nano undercuts the price of the cheapest car sold here,
the Suzuki Maruti 800 (from COCA section Newspaper, year
2009)
Through clipping, nano in free form refers to the Ipod nano andTable 1
Frequency of nano in COCA (search term: “nano*”).
Genre Raw frequency Frequency per million words
Fiction 2022 22.36
Magazine 1992 20.85
Academic 1796 19.72
Newspaper 583 6.36
Spoken 388 4.06
Total 6781 14.60the Tata car model.
Of the other ﬁnal and free uses of nano, many refer to futuristic
devices and derive from COCA's ﬁction genre (one quarter of the
ﬁnal and two thirds of the free uses). As such, nano can behave like
a noun (9), can even have a plural form (10), and can occur as the
head of a compound (11); other examples are biorep-nano, blas-
toma-nano, and enforcement-nano.
(9) … you've been infected with a nano that will make your
ﬁngernails drop off if you don't pay within a week (from COCA
section Fiction, year 2006)
(10) If all those nanos work together, God knows what they'll
build (from COCA section Fiction, year 2003)
(11) We actually had an asthma nano that worked nicely (from
COCA section Fiction, year 2006)
Besides referring to products and futuristic devices, almost ten
percent of the free uses of nano are truncations of nanotechnology
and nanometer.
4.2.2. Initial and middle constituent of complex words
In amajority of its tokens (94.1%), nano is an initial constituent of
complex words (Table 3); for examples, see (12).
(12) nanotechnology, Nanoannie, nanotube, nanoscale, nano-
second, nanotech, nanoparticle, nanomachine, nanobot, nano-
wire, nanostructure, nanogram, nanostructured, nanomaterial,
nanobacterium, nanoﬁber, nanodevice, nanorobot, nanoplast,
nanoscience, nanocomputer
These complex words are mostly common nouns, such as
nanotechnology and nanosecond, but also proper nouns, i.e., names
of companies and products (e.g., Nanosys) and persons (e.g.,
Nanoannie, a ﬁctive character in a science ﬁction story by Turzillo
[48]); though adjectives (e.g., nanostructured, nanomechanical, and
nanosized) and a few verbs (e.g., nanocompute) are also found. Note
that some word forms are members of more than one category; for
example, nanosystem is a proper noun in (13) and a common noun
in (14).
(13) It turned out that Southern NanoSystems, Inc., was an
extremely small outﬁt indeed (from COCA section Fiction, year
2006)
(14) The ﬂashing bar-code is transmitted to your nanosystemvia
the nanites in your cornea (from COCA section Fiction, year
1999)
The few cases of nano as a middle constituent of complex words
are strongly related to cases of nano as an initial component of
complex words, the former simply being cases in which the latter
are themselves constituents of larger complex words. Examples are
sub-nanometer and carbon-nanotube. The word sub-nanometer is a
preﬁxation of nanometer and carbon-nanotube is a compound of
carbon and nanotube.
4.3. Towards a systematic description of form and meaning
Section 4.2.1 addressed the meanings of ﬁnal and free uses of
nano. Describing the meaning of complex words that have nano as
an initial component is a more demanding task, because these are
much more frequent and more varied. In this section, I present
schemas that describe the formemeaning relationship for the
complex words that contain nano as an initial constituent, with
some qualiﬁcations.
First, in this description, I have considered that some complex
Table 2
Frequency of nano in the Fiction, Magazine, and Academic sub-genres in COCA (search term: “nano*”).
Genre Sub-genre Raw frequency Frequency per million words
Fiction Science ﬁction and fantasy 1635 81.93
General journal 326 10.16
Juvenile 7 2.22
Movies 16 1.79
General books 42 1.72
Magazine Science and technology 1213 95.99
Society and arts 279 36.47
Financial 155 29.49
News and opinion 171 9.19
Sports 61 5.64
Children 9 5.51
Home and health 66 4.14
Women and men 32 3.28
Entertain 9 2.21
Religion 4 0.94
African American 2 0.55
Academic Science and technology 1549 110.05
Education 131 13.87
Geography and social science 43 2.66
Medicine 17 2.54
Law and political science 21 2.44
Philosophy and religion 13 1.93
Miscellaneous 7 1.64
History 7 0.57
Humanities 3 0.25
Table 3
Position of nano in complex words and their word class.
Word class Position in complex word Free word Total
Initial Middle Final
Common noun 5104 34 18 204 5360 (80.7%)
Proper noun 826 14 54 65 959 (14.4%)
Adjective 308 5 0 0 313 (4.7%)
Verb 7 0 0 0 7 (0.1%)
Total 6245 53 72 269 6639 (100.0%)
(94.1%) (0.8%) (1.1%) (4.1%) (100.0%)
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complexword as their constituent. For example, nanometerscale is a
compound of nanometer and scale. In this word, nanometer (a) is
embedded in the more complex compound (b):
(15) [[nanometer]a scale]b.
Other examples are complex words having nano as a middle
constituent, for example, carbon-nanotube, which has the following
structure:
(16) [carbon [nanotube]a]b.
All the complex words that have nano as a middle constituent
(see Table 3) have a structure like that in (16). Of the complex nouns
having nano as an initial constituent (see Table 3), fewer than one
percent have an embedded structure like that in (15); this per-
centage is calculated for tokens, but when calculated for types of
complex nouns having nano as an initial constituent, it is slightly
higher (2.7%). Compared with the nouns, a much larger proportion
of the adjectives has an embedded structure: considering complex
adjectives with nano as initial constituent, 17.2% of the tokens and
26.4% of the types have an embedded structure, for example,
nanometer-thin and nanometer-based. Note that in these cases the
embedded element (a) is a noun (e.g., nanometer, nanotube, and
nanomachine).In the analysis below, complex words having an embedded
structure are not analyzed in their entirety (b). Instead, the analysis
is satisﬁed with describing the embedded schema (a). Since the
embedded constituent (a) in words having nano as a middle con-
stituent, as in (16), is a complex word having nano as an initial
constituent, these are addressed below.
Since the proper nouns often lack systematic semantic structure
and the verbs are used only marginally, these two classes are
ignored; the semantic description instead focuses on common
nouns (section 4.3.1) and adjectives (section 4.3.2).4.3.1. Nouns
Schemas in this section are presented in an order justiﬁed on
semantic grounds. As discussed in section 3.4.3, some schemas
derive from other more “basic” schemas. In what follows, I start by
discussing the schema deﬁned by SI, i.e., S1, and then address
schemas that derive from this schema in a systematic manner, i.e.,
S2eS9. Schema S10 speciﬁes a meaning that can be described
independently of S1eS9. Fig. 1 describes the relationship between
the schemas. For similar ideas regarding the relationships between
schematic representations of meaning, see, for example, Lakoff
[33]; Fillmore and Atkins [27]; and Rainer [45]. I will return to these
relationships below.
Table 4 presents frequencies of the schemas identiﬁed, some of
which are much more common than others. Some schemas are, in
fact, very marginal, most notably S4.1 and S5.1. As noted in section
3.4.4, many of the attested nano words are “promiscuous” [30] in
that more than one schema is evoked in their interpretation. Also, a
few words are polysemous, i.e., they have more than one inter-
pretation, but most of the words are not. Given these forms of
multiple realization of schemas (regarding both word types and
tokens), the frequencies in Table 4 do not total 100%.
The schema S1 is instantiated by nano words that refer to SI
units:
S1 [nano [x]N]N “billionth part of x”
Words exemplifying S1 include nanometer, nanosecond,
Fig. 1. Relationships between schemas that explain complex nouns containing nano.
Table 4
Interpretations of complex nouns containing nano (excluding proper nouns and uses
in ﬁnal position) with regards to both word type (N ¼ 455) and word token
(N ¼ 5192).
Schema Type Token
n % n %
S7.1 208 45.7 2227 42.9
S2.1 171 37.6 2392 46.1
S8.1 46 10.1 184 3.5
S6.2 42 9.2 1300 25.0
S1 35 7.7 879 16.9
S7.2 27 5.9 33 0.6
S6.1 24 5.3 106 2.0
S10.1 20 4.4 39 0.8
S9 18 4.0 30 0.6
S8.4 17 3.7 83 1.6
S8.2 7 1.5 7 0.1
S7 other R 6 1.3 6 0.1
S7.3 6 1.3 14 0.3
S8 other R 6 1.3 7 0.1
S3.1 5 1.1 6 0.1
S8.3 4 0.9 6 0.1
S10 other R 1 0.2 1 0.0
S4.1 1 0.2 1 0.0
S5.1 1 0.2 2 0.0
Other 8 1.8 13 0.3
Comment: Since (a) words (types and tokens) can be promiscuous, i.e., simulta-
neously evoke more than one schema for their interpretation, and (b) word types
can be polysemous, i.e., instantiate more than one interpretation, by one or several
schemas (in the case of promiscuity), the total frequencies (n) and percentages (%)
do not equal N and 100%, respectively. Note that complex nouns embedded in ad-
jectives are included in the table.
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instantiating S1 are sometimes embedded in nouns (e.g., nano-
meterscale) and adjectives (e.g., nanometer-thick). The variable x of
S1 is mostly instantiated by proper SI units, but in two cases in
COCA the schema is instantiated by inch and degree (i.e., nanodegree
and nanoinch), which strictly speaking are not SI units.
Derived from this schema are the schemas S2, S3, S4, and S5.
S2 [nano [x]N]N “x related to nanometer”
S3 [nano [x]N]N “x related to nanosecond”
S4 [nano [x]N]N “x related to nanogram”
S5 [nano [x]N]N “x related to nanoampere”
S2 is exempliﬁed by the frequent word nanoscale, but also by the
less frequent nanobacterium, nanosize, nanosmall, and nanospace.
The three other schemas above are exempliﬁed by words such as
nanospeed (S3), nanomass (S4), and nano-current (S5). For all wordsclassiﬁed as instances of these schemas, a more speciﬁc interpre-
tation is, in fact, possible, in which the abstract relationship related
to is replaced by relevantly measured in:
S2.1 [nano [x]N]N “x relevantly measured in nanometers”
S3.1 [nano [x]N]N “x relevantly measured in nanoseconds”
S4.1 [nano [x]N]N “x relevantly measured in nanograms”
S5.1 [nano [x]N]N “x relevantly measured in nanoamperes”
To clarify, nanoscale refers to the scale of measurement rele-
vantly measured in nanometers, nanospeed refers to a speed rele-
vantly measured in nanoseconds, and so on. As seen in Table 4, S2.1
is by far the most common of these schemas.
In the nanotechnology literature, the notion of nanoscale is of
central interest. Given this special interest in the nanoscale, the
schema S6 can be distinguished, which is derived from S2. It is
exempliﬁed by words such as nanotechnology, nanoanalysis, and
nanomanipulation (cf. [46]: 2):
S6 [nano [x]N]N “x related to nanoscale”
Like S1, S6 is sometimes embedded, for example, nanotech-
nology-based. Moreover, S6 has two main sub-schemas:
S6.1 [nano [x]N]N “x (carried out) at the nanoscale”
S6.2 [nano [x]N]N “x focusing on (interested in, directed at) the
nanoscale”
Schema S6.1 is exempliﬁed by words referring to processes and
activities carried out at the nanoscale, for example, nano-
manipulation and nanoprinting, or to objects of such processes, for
example, nanoinfo and nanodata.
In schema S6.2, the abstract relationship from S6 is replaced
with a relationship of intentionality, which can be referred to as
focusing on or, alternatively, as interested in or directed at. This
schema applies to many nano words in which x is an activity or a
person engaged in such activities. The activity in question mostly
involves science or technology. For example, nanobiology, nano-
electronics, nanoelectrodynamics, nanomagnetics, nanomechanics,
nanophysics, and nanorobotics refer to scientiﬁc disciplines, while
more general examples are nanoanalysis, nanoresearch, nano-
science, and nanotechnology. Involved in these activities are actors
such as nanochemist, nanoengineer, and nanophysicist, and more
generically nanoresearcher, nanoscientist, and nanotechnologist.
Following S6.2, these words can be interpreted as the referent of
the right-hand word (e.g., biology) focusing on the nanoscale (e.g.,
“biology focusing on the nanoscale”, “analysis focusing on the
nanoscale”, and “chemist focusing on the nanoscale”).
S7 is a schema derived from S6. It has several sub-schemas,
three of which are listed below:
S7 [nano [x]N]N “x related to nanotechnology”
S7.1 [nano [x]N]N “x produced by nanotechnology”
S7.2 [nano [x]N]N “x focusing on (interested in, directed at)
nanotechnology”
S7.3 [nano [x]N]N “x using nanotechnology”
The ﬁrst of the sub-schemas, S7.1, is a very common schema (see
Table 4). It is exempliﬁed by the many words in COCA that refer to
artifacts produced by nanotechnology, for example: nanoassembler,
nanocomputer, nanocrystal, nanodevice, nanoﬁber, nanomachine,
nanomaterial, nanomedicine, nanoparticle, nanoproduct, nanorobot,
nanosensor, nanostructure, nanotransistor, nanotube, and nanowire.
Many nouns in COCA are promiscuous with regard to S2.1 and S7.1
and evoke both schemas for their interpretation. Of complex nouns
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excluding proper nouns, 38.0% of the tokens and 34.7% of the types
evoke both these schemas. For example, nanoassembler, nanodevice,
nanoﬁber, nanomaterial, and nanorobot refer to objects both rele-
vantly measured in nanometers (cf. S2.1) and produced by nano-
technology (S7.1).
Similar to S6.2, the second schema (S7.2) describes words with
reference to a phenomenon, x, which has an intentional relation-
ship to nanotechnology. As in S6.2, this relationship is spelled out as
focusing on (or interested in or directed at). The variable is x
instantiated by, for example, activities (17a), persons (17b), mental
states (17c), and other abstract objects (17d).
(17) a. nano-activity, nanobusiness, nanoinnovation
b. nano-advocate, nanoindustrialist, nano-thinkers, nanoent
husiasts
c. nano-craze, nanovision, nano-wonder
d. nano-ﬁction, nanopuzzles
S7.3 speciﬁes a meaning that is similar to the sub-schemas of S6,
but S7.3 describes activities not focusing primarily on the nano-
scale, although the nanoscale is instrumental to them. For example,
consider nano homeland security, which can be interpreted ac-
cording to S7.3 but not as naturally according to S6.1 or S6.2. That is,
nano-homeland-security is naturally interpreted as “homeland-se-
curity using nanotechnology”, not as “homeland-security (carried
out) at or focusing on the nanoscale”. Another example is nano-
diagnostics, which focuses primarily on the diagnosis of people (not
objects at the nanoscale), but uses nanotechnology for this purpose.
Another schema is based on the concept of nanomaterials. Here
nanomaterials can be interpreted as discrete entities relevantly
measured in nanometers (cf. S2.1), which also can, but need not, be
the product of nanotechnology (cf. S7.1). A synonymous term to
nanomaterial in this sense is nanoparticle. Also, for example,
nanorobots are a special type of (active) nanomaterials. In the
nanotechnology literature, another sense of nanomaterial is iden-
tiﬁed, namely, as entities containing the entities in the ﬁrst sense
(cf. [12]). This second interpretation is, however, not attested for
nanomaterial in COCA, although it is identiﬁed for other words (see
S8.1 below). Now consider the following schemas:
S8 [nano [x]N]N “x related to nanomaterial”
S8.1 [nano [x]N]N “x containing nanomaterial”
S8.2 [nano [x]N]N “x caused by nanomaterials (nanorobots)”
S8.3 [nano [x]N]N “x individualized into nanomaterials
(nanoparticles)”
S8.4 [nano [x]N]N “x manufacturing/producing nanomaterials”
These schemas are exempliﬁed in (18); S8.1 is exempliﬁed by
(18a), S8.2 by (18b), S8.3 by (18c), and S8.4 by (18d):
(18) a. nanoarray, nanocluster, nanocomposite, nanopollutants,
nanospray, nanoswarm, nanowaste
b. nano-bites, nanodeath, nano-hardness, nano-infestation
c. nano-carbon, nanogold, nanosilica
d. nanoconstruction, nano-design, nanoduplication, nano-
engineering, nanofabrication, nanofacturers, nanolab, nano-
manufacturing, nano-providers
The next schema, S9, is similar to S7, but it is less precise in
meaning:
S9 [nano [x]N]N “x related to futuristic miniaturization
technology”The rationale for S9 is that, for some nano words in COCA, in-
terpretations in terms of nanometers, nanoscales, nanotechnology,
or nanomaterials are too speciﬁc. Therefore, describing the mean-
ing of such words according to schema S2, S6, S7, or S8 is to assume
too much technical knowledge and semantic complexity. For an
example, consider the word nanocam as used in (18):
(18) Record, van Dijk thought, activating the nanocams
embedded in his retinas (from COCA section Fiction, year 2006)
The example is from the science ﬁction novel Idolon ([19]: 4),
which is set in a future replete with the most advanced technology
imaginable. The author's choice of nanowas likely motivated by its
technological associations, but I think that more precise in-
terpretations in terms of nanotechnology, nanoscale, and nanometer,
i.e., schemas S2, S6, and S7, might be to assume too much. In cases
like these, S9 is arguably a better schema for description.
So far, we have looked at schemas based on the SI deﬁnition of
nano (S1) or schemas derived from it (S2eS9). In contrast, S10 is
not, being more closely related to the classical meaning of nano,
namely, “dwarf” (Fig. 1). All except one of the words in COCA
described by S10 are, in fact, described by the more speciﬁc schema
S10.1. The exception instantiating S10, but not S10.1, is the word
nanotype used in word play based on the term phenotype in the
context of hobbits, a ﬁctional and diminutive race existing in the
universe created by the author J.R.R. Tolkien; nanotype does not
refer to a small type, but rather to the phenotype of a dwarf.
S10 [nano [x]N/root]N “x related to dwarf/smallness”
S10.1 [nano [x]N/root]N “x being (extremely) small”
Examples of S10.1 are shown in (19). As seen in the schemas, the
lexical category in the schema has been extended to “N/root”. The
reason for this can be seen in (19b). In accordance with previous
assumptions regarding neoclassical compounds [7,43], phyes, sau-
rus, and tyrannus can be seen as bound lexical roots.
(19) a. nano-brain, nanoﬂagellates, nanofossils, nano-hummi
ngbird, nano-tyrannosaurus, nanoorganism, nanoplankton,
nano-potato, nanosatellite
b. nanophyes, nanosaurus, nanotyrannus
Interpreted according to S10.1, the words in (19) mean
(extremely) small brain, ﬂagellates, fossils, and so on. This inter-
pretation is similar to the interpretation in S2.1: if something is
relevantly measured in nanometers (cf. S2.1), it is by implication
extremely small, given our everyday experience of the physical
world. However, despite such natural implications, S2.1 is much
more speciﬁc than S10.1. For example, Bouwmeester and Guo [16]
deﬁne a nanosatellite as one weighing 1e10 kg, while Ovchinni-
kov et al. [42] describe it as one that is less than 22 cm in all its
dimensions. Although small compared with other satellites and
thus deserving of their name, these interpretations of nanosatellite
are poorly captured by S2.1.
Returning to Fig. 1, the rationales for extending the original
meaning of nano (“dwarf”) to the meanings deﬁned by the schemas
S1eS10 can be discussed. The extension from “dwarf” to S1 is based
on metaphor, where the property of dwarfs (domain 1) comes to
stand for the property of SI units (domain 2), i.e., the smallness of
dwarfs stands for the smallness of SI units. The extension from S1 to
the interpretation of nano along the lines of schemas S2eS5 is
based on partewhole metonymy. From functioning to restrict units,
along the lines of S1, nano has come to stand for the restricted unit
as a whole (e.g., nanometer and nanosecond). The extension from
S2 to S6 is, again, explained by partewhole metonymy. In this case,
Table 5
Interpretations of complex adjectives containing nano (excluding adjectives that
embed complex nouns, e.g., nanometer-thin).
Schema Type Token
n % n %
S12 25 31.3 69 26.7
S13 17 21.3 66 25.6
S11.1 16 20.0 80 31.0
S11, other R 9 11.3 20 7.8
S11.2 5 6.3 5 1.9
S11.3 3 3.8 12 4.7
S11.4 2 2.5 2 0.8
Other 3 3.8 4 1.6
Total 80 100.0 258 100.0
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as a whole. For example, reference to nanometer (unit of mea-
surement) has been extended to that of nanoscale (what is
measured in nanometers). Partewhole metonymy once again ex-
plains the extension from S6 to S7. Reference to the intentional
object of an activity (the nanoscale) has been extended to the
intentional activity as a whole (nanotechnology). The link between
S7 and S8 can be explained by meaning extension through cause-
eeffect metonymy, where reference has been extended from the
activity of nanotechnology (cause) to the product of that activity,
namely, nanomaterials. Turning to the link between S7 and S9, this
can be seen as a result of generalization, where the signiﬁer for a
speciﬁc technology, i.e. nanotechnology, has come to stand for some
less precise idea, namely any visionary miniaturizing technology.
We can explain the link between the meaning “dwarf” and the
schema S10 in terms of wholeepart metonymy, where reference to
dwarfs, a property bearer (whole), has been extended to their
property of being small (part). However, also consider the possi-
bility that pragmatic principles are involved. Through hyperbole,
nano can be used to mean “extremely small” (along the lines of
S10.1) via the sense “nanometersized” (along the lines of S2.1) by
ﬂouting communicative principles [29]. For example, COCA con-
tains the following example of nano-brain (also cf. [7]):
(20) He said, “Tell nano-brain to write me when he learns how”
(from COCA section Fiction, year 2000).
In (20), nano-brain is used in a belittling way with regard to the
intelligence of the person referred to by the second he. One possi-
bility for arriving at this interpretation is through a process starting
with an interpretation of nano-brain as S2.1. Since brains are not
small enough to be relevantly measured in nanometers, the inter-
preter is invited to ﬁnd an alternative interpretation of the (obvi-
ously) false and irrelevant utterance in order to make it true and
relevant. Such an interpretation is possible if nano is interpreted
less precisely than “nanometersized”, namely, as “extremely small”.
A small brain is in turn a common metaphor for low intelligence.
4.3.2. Adjectives
All the schemas discussed above describe nouns. At an abstract
level, all except S1 and S9 have the following abstract structure:
S0 [nano [x]N]N “x (ENTITY) related to nano-y”
The variable x refers to the right-hand component of the nano
word (w), a noun, and y refers to a clipped element (e.g., meter,
scale, and technology), here assumed to be useful for explaining the
meaning of the complex word, w. Because nouns can be taken to
refer to abstract and concrete entities [2], the semantic category of x
has been speciﬁed in the schema using small capitals.
At the same level of abstraction, most adjectival nanowords can
be described by the following schemas:
S11 [nano [q]A]A “q (QUALITY) related to nano-y”
S12 [[nano-y]N DER]A “QUALITY OF BEING nano-y”
S13 [[nano-[y]root] DER1]A “QUALITY OF BEING nano-y-DER2”
Because these schemas are used to represent adjectives, which
denote qualities, the variable q is used instead of x to distinguish it
from the semantics of nouns. Table 5 presents frequencies of
schemas for the adjectival nano words, both types and tokens.
Unlike the nouns, the adjectives are not promiscuous or
polysemous.
The ﬁrst of these schemas, S11, describes the meaning of words
such as the following:(21) nanoaugmented, nano-delivered, nano-enhanced, nano-
fast, nanolubricated, nanomanufactured, nano-optimized,
nanoproduced, nano-reinforced, nanoseeded, nano-small,
nanostructured
Similar to the nouns above, the meaning of these is that of a
quality, referred to by the right-hand element (e.g., augmented),
related to the variable nano-y. Like the nouns, the variable nano-y
can be spelled out as, for example, nanotechnology, nanomaterial,
and nanometer. Moreover, the abstract relationship related to can
be given more speciﬁc interpretations, for example, by or as rele-
vantly measured in, as in the speciﬁc schemas S11.1e4.
S11.1 [nano [q]A]A “q (QUALITY) by nanotechnology”
S11.2 [nano [q]A]A “q (QUALITY) by nanomaterials”
S11.3 [nano [q]A]A “q (QUALITY) as relevantly measured in
nanometers”
S11.4 [nano [q]A]A “q (QUALITY) as relevantly measured in
nanoseconds”
S11.1 describes the meaning of words such as nanoaugmented,
nano-enhanced, nanomanufactured, and nanoproduced; S11.2 de-
scribes that of, for example, nanoimpregnated and nanolubricated;
S11.3 describes that of, for example, nano-small and nanosized; and
S11.4 that of nanofast and nano-instant.
The second abstract schema, S12, describes adjectival nano
words derived from nominal nanowords. Examples of such derived
adjectives are nanocarbonic, nanocrystalline, nanoindustrial, nano-
plastic, nanorobotic, nano-structural, and nanotechnological. They
are derived from the nouns nanocarbon, nanocrystal, etc. The
element “DER” in S12 refers to any derivational sufﬁx that produces
adjectives of nouns (e.g., -al, -ic, and -ine).
S13 is similar in structure to S12, but these two schemas differ in
that the base of S12 is a free word (e.g., nanocarbon and nano-
crystal), while this is not the case in S13, where the base is a bound
root, for example, biolog-. In S13, DER1 is a derivational sufﬁx
producing adjectives, while DER2 is one producing nouns. Exam-
ples of complex adjectives explained by S13 are nano-biological,
nanochemical, and nanomedical.5. Discussion
As noted in the Introduction, there are many assumptions about
the use of nano. Some of these assumptions can be revisited in light
of the above description. First, nano has been identiﬁed as a lin-
guistic resource in both science and science ﬁction. This assump-
tion can be conﬁrmed here. The morpheme nano is used in various
genres, but mostly in science and technology journals and maga-
zines and in fantasy and science ﬁction. A second assumption that is
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assumption needs to be re-evaluated given the ﬁnal and sole po-
sition sometimes occupied by nano. Moreover, given the for-
memeaning relationships described by the schemas other than S1,
many nano words are perhaps better characterized as clipping
compounds, for example, nano(scale)technology (see S6 above) or as
neoclassical compounds, for example, nanosaurus (see S10 above),
than as derivatives. A third assumption concerns the polysemy of
nano. In their discussion of nano, Bauer et al. ([7]: 397) suggest a
rather restricted polysemy. They propose a much richer polysemy
formicro than for nano. However, the results of his study shows that
nano has a rich polysemy and that many parallels actually exist
between the senses that Bauer et al. ([7]: 397) propose for micro
and the senses of nano that can be speciﬁed given the schemas
discussed above.
A fourth set of assumptions that was addressed in the Intro-
duction is that nano is overused or misused. These are both
descriptive and normative assumptions. The idea that nano is
overused relies on the following two premises, the ﬁrst descriptive
and the second normative:
(i)nano is used in many (at least two) ways, and
(ii)at least one of these is one too many.
Similarly, the idea of misuse relies on the ﬁrst of these premises
in addition to another normative premise:
(iii)at least one of these uses is incorrect.
This work has set out to improve our knowledge of the ﬁrst of
these assumptions by providing a systematic description of how
nano actually is used. Despite the fundamental role of this knowl-
edge in making any ﬁrm claims about overuse or misuse, it has
previously been neglected. In conﬁrmation of (i), I conclude that
nano is indeed used in a variety of ways. Let us turn to the
normative assumptions above, (ii) and (iii). Should they be
accepted? There are many reasons for not doing so. In response to
(ii) and (iii), it is not clear on the basis of what principles different
uses of nano are or are not appropriate. The broad use of nano is
explained largely by the hype surrounding nanotechnology [9].
With the ascription of massive signiﬁcance comes great interest
frommany societal actors, and with diversiﬁed interest comemany
perspectives and conceptualizations. The varied use of nano fulﬁls
these needs.
A further reason for being skeptical about premises (ii) and (iii)
refers to the description of how nano is used. Let us consider two
scenarios: ﬁrst, nano is chaotically and unsystematically used in
various ways, the various uses having confusing or unclear re-
lationships with each other; second, nano is used in a systematic
manner in which various uses are clearly related and conceptually
motivated by each other. Which of these scenarios best ﬁts the
actual description of how nano is used arguably inﬂuences our
acceptance of premises (ii) and (iii). For instance, if it turns out that
the usage of nano is chaotic, unsystematic, and ad hoc, this evokes
sympathy for the misuse view. However, if nano is mainly used in a
systematic and motivated manner, the prominence of the misuse
problem is perhaps overestimated.
Based on the above description, I advocate the second of these
scenarios. The uses of nano are systematic, related, and, borrowing
a term from Lakoff [33]; “motivated” (also cf. [27,45]). The original
meaning of nano has been extended in a systematic manner
through principles often guiding meaning extension, for example,
metonymy and metaphor (see section 4.3.1). Given a relatively
limited set of schemas, motivated and related by principles such as
metaphor and metonymy, the great majority of uses of nano inCOCA can be described. In turn, the schemas involve a limited set of
elements and relationships. The wide use of nano can therefore be
understood using a fairly limited set of analytical categories, as
demonstrated above. Given this, any strong claims of misuse or
overuse are strongly exaggerated.
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